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vaccination. Likewise, adverse effects to vaccination were mild in
both studies. Taken together, the results of our and these 2 other
studies strongly support the notion that patients with CVID must be
included in COVID-19 vaccination programs because of the ability of
mRNA vaccines to safely induce production of neutralizing antibodies
in this category of patients.
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Specific antibody response of patients with common variable

immunodeficiency to BNT162b2 coronavirus disease 2019
vaccination
On March 11, 2020, the World Health Organization declared that the
coronavirus disease 2019 (COVID-19) was a pandemic.1 Since then,
the disease has reached a 1% to 3% estimated overall mortality rate.2

COVID-19 severity ranges from asymptomatic to acute respiratory
distress syndrome and possible death owing to multiorgan failure.2

Therefore, to ameliorate the resultant poor health and social and eco-
nomic consequences, prophylactic vaccines were developed. On
December 11, 2020, the US Food and Drug Administration issued the
first emergency use authorization of Pfizer-BioNTech (Pfizer Inc, New
York City, New York) messenger RNA (mRNA) vaccine (BNT162b2)
for COVID-19 prevention.1 The vaccine was approved after a large
randomized, placebo-controlled trial in approximately 44,000 partic-
ipants aged 16 years or older and revealed that a 2-dose regimen of
BNT162b2 conferred 95% protection against symptomatic COVID-19.1

This novel lipid nanoparticle-formulated nucleoside-modified RNA
vaccine encodes the full-length spike protein of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), which contains the
receptor binding domain (RBD) within the S1 subunit.3 The RBD is a
key functional component within the S1 subunit responsible for
binding SARS-CoV-2 to angiotensin-converting enzyme 2 receptor, a
critical initial step enabling SARS-CoV-2 to penetrate target cells.4
Among healthy adults, two 30mg doses of BNT162b2 elicited robust
antigen-specific CD8+ and TH1-type CD4+ T-cell responses and strong
specific antibody responses directed against RBD.5 Nevertheless, it is
unknown whether patients having primary immunodeficiency disor-
ders of humoral immunity affecting B-cell differentiation and antibody
production are able to produce effective specific antibody levels after
the 2-dose BNT162b2 regimen. Common variable immunodeficiency
(CVID) is an antibody deficiency with variable clinical manifestations;
although patients mostly experience recurrent infections, there is an
increased prevalence of autoimmune diseases and malignancy second-
ary to immune dysregulation.6 A CVID diagnosis established after the
fourth year of life requires a suggestive clinical history, a marked
reduced total immunoglobulin G (IgG) serum concentration with low
IgA or IgM, poor responses to vaccines (or absent isohemagglutinins),
or low IgD⁻/CD27⁺/CD19⁺ switched memory B (smB) cells, and no evi-
dence of profound T-cell deficiency; in addition, other causes of second-
ary hypogammaglobulinemia must be excluded.6

We observed retrospectively the ability of patients with CVID to
produce SARS-CoV-2 spike-specific IgG in response to the 2-dose
BNT162b2 regimen as part of the national vaccination program of
Israel. Furthermore, we looked for a correlation with CVID subgroups
based on flow cytometry B-cell immunophenotyping.7 All patients
diagnosed as having CVID (n = 17) were treated with intravenous
immunoglobulin (IVIG) every 4 weeks at Lin, Zvulun, and Carmel
Medical Centers belonging to Clalit Health Services in Haifa, Israel.
Revised European Society for Immunodeficiencies registry criteria6

were used for CVID diagnosis. Between December 23, 2020, and
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able 1
ohort Characteristicsa (n = 15) and Serologic Results

roup Sex Age (y) Flow cytometry results Second vaccination/
serology interval (d)

SARS-CoV-2 S1 IgG (AU/mL)

� Mb 51 B% = 1 29 <21
F 30 B% = 0 14 <21

+/smB+ M 50 B% = 4, smB% = 9 14 307.3
M 72 B% = 3, smB% = 14 34 300.4
M 22 B% = 9, smB% = 3 18 4924.9
M 81 B% = 2, smB% = 10 41 58
F 28 B% = 9, smB% = 11 15 9780.3
M 61 B% = 11, smB% = 7 28 2178.3

+/smB� Fc 44 B% = 8, smB% = 0 61 205.7
F 62 B% = 20, smB% = 0 36 84.6
F 48 B% = 8, smB% = 2 55 625.8
F 40 B% = 17, smB% = 0 18 109.9
M 54 B% = 6, smB% = 2 48 828.7
F 38 B% = 4, smB% = 1 25 <21
F 66 B% = 5, smB% = 0 30 <21

bbreviations: B%, percentage of total circulating CD19+ B cells as fraction of lymphocytes; smB%, percentage of IgD�/CD27+/CD19+ switch memory B cells as fraction of total circu-
ting CD19+ B cells; F, female; IgG, immunoglobulin G; M, male; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
henotypes are not listed because no correlation was found between a specific phenotype and vaccination response; there are no comorbidities that might have affected patients’
NT162b2 response.
eceiving 10 mg prednisone for inflammatory bowel disease.
eceiving 40 mg prednisone for autoimmune hemolytic anemia.

502 Letters / Ann Allergy Asthma Immunol 127 (2021) 496−511
T
C

G

B

B

B

A
la
aP
B
bR
cR
March 6, 2021, all patients with CVID were vaccinated with the 2-
dose BNT162b2 regimen. Blood samples were taken at least 14 days
after the second dose, before receiving IVIG to measure SARS-CoV-2
S1 IgG levels and obtain and updated flow cytometry analysis. Day 14
was chosen because mRNA vaccine-induced B-cell responses typi-
cally peak 2 weeks after the second dose and SARS-COV-2 neutraliz-
ing titers seem to follow this pattern.5 SARS-CoV-2 S1 IgG values
more than 50 AU/mL were considered protective by the Abbott Archi-
tect SARS-CoV-2 S1 IgG assay (manufacturer’s data: sensitivity, 98.1%
[95% confidence interval, 89.9%-99.7%]; specificity, 99.6% [95% confi-
dence interval, 99.2%-99.8%]) performed by the serology laboratory
of Clalit Health Services. There were 2 patients who were excluded:
COVID-19 was detected on prevaccination polymerase chain reaction
testing in one patient, whereas the second was receiving ongoing
immunosuppressive medication (rituximab). The remaining 15
patients were divided into the following 3 groups, based on their
results: group B�, total circulating CD19⁺ B cells less than or equal to
1%; group B+/smB+, total circulating CD19⁺ B cells greater than 1%
and smB cells greater than 2%; and group B+/smB�, total circulating
CD19⁺ B cells greater than 1% and smB cells less than or equal to 2%.7

Table 1 provides the cohort characteristics and their serologic
results. Patients ranged from the age of 22 to 81 years (average, 49.8
years). Blood serology samples were taken 14 to 61 days after the sec-
ond dose (average, day 31). In addition, 4 patients (26.67%) did not pro-
duce SARS-CoV-2 S1 IgG after both BNT162b2 doses, whereas 11
(73.33%) had protective titers ranging from 58 AU/mL to 9780.3 AU/mL
(average, 1764.00; median, 307.3). Note that although the 2 patients in
group B� had negative serology result, all 6 patients in group B+/smB+
had seropositive result. For group B+/smB�, 5 of 7 patients were sero-
positive. Interestingly, the 2 patients with negative serology had a total
peripheral CD19⁺ B-cell percentage below the lower limit for the nor-
mal range (6%-19%),7 whereas that of the 5 seropositive patients was
within the normal range. It has been found that patients with CVID
with nearly absent total CD19⁺ B cells (≤1%) have severe defects of early
B-cell differentiation, whereas severely reduced smB cells (≤2%) indi-
cate defective germinal center (GC) development.7 Our results suggest
that patients with both CD19⁺ B% cells lower than the normal range
(6%-19%) and reduced smB cells (≤2%) have prominent GC generation
impairment. In line with this idea, the GC has been found to play a piv-
otal role on protective antibody generation for SARS-CoV-2 mRNA vac-
cines and that GC responses are strongly correlated with neutralizing
antibody production.8
A possible study limitation may be that patients acquired protec-
tive antibodies from the IVIG. Nevertheless, all patients with CVID
were on PRIVIGEN (CSL Behring, Bern, Switzerland; manufacture
date: January 14, 2020). Hence, IVIG-stimulated cross-reactive anti-
bodies cannot explain the wide differences between protective anti-
body levels after vaccination. The presence of considerable protective
COVID-19 antibody levels in these products is doubtful. In addition,
although 2 patients were receiving steroids, their serologic results
(Table 1) indicate that steroid use was not responsible for the lack of
response to BNT162b2 vaccination.

In conclusion, vaccination of patients with CVID with the 2-dose
BNT162b2 regimen is important, because most of them will produce
specific SARS-CoV-2 S1 antibodies in good titers. Nevertheless, our
data indicate that total peripheral CD19⁺ B cells below the normal
range (6%-19%) together with smB cells (≤2%) or total peripheral
CD19⁺ B cells (≤1%) may predict unresponsiveness to BNT162b2. Our
data require further validation in larger populations with CVID and
subsequent research to detect the rate of postvaccination antibody
decay compared with that of the general population.
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Hereditary alpha tryptasemia in identical twins
Elevated serum tryptase level supports the diagnoses of anaphylactic
reactions and mast cell (MC) disorders, and is a marker of increased MC
burden, activation, and degranulation.1 Recently, Lyons et al2 described
hereditary alpha tryptasemia (HAT) as an autosomal dominant condi-
tion characterized by an increased copy number of the TPSAB1 gene,
encoding for alpha tryptase, and mild-to-moderate elevated basal
serum tryptase levels. Patients with HAT were described to present
with urticaria, dysautonomia, and gastrointestinal symptoms. However,
some of the individuals studied had HAT and elevated tryptase levels
but did not have any symptoms. In an independent study, 5% of an
unselected British birth cohort of 423 patients were found to have
HAT.3 Family members with the same increased copy number of the
TSAB1 gene were found to be either asymptomatic or with symptoms
reported in HAT, such as urticaria and flushing. One of the hypotheses
to explain the variable clinical presentation found in HAT is that the
interaction of TSAB1 copy number with other genes, yet to be character-
ized, is necessary to promote the disease.

Other studies support the influence of nongenetic comorbidities
and environmental factors in the manifestations of the disease.4,5 In
one study, the proportion of patients with HAT seems to be increased
in certain MC-associated conditions: 17% (8/47) of patients with idio-
pathic anaphylaxis and 12% (10/82) of patients with systemic masto-
cytosis were reported to have HAT.4 Giannetti et al5 studied a cohort
of 101 patients with MC activation symptoms and confirmed to have
HAT. These patients were predominantly of female sex with a mean
age of 51 years, suggesting an association of sex hormones and meno-
pause with occurrence of symptoms.

Twin studies add strength to family studies to reveal the contribu-
tion of genetics in disease manifestations.6 We report identical twins
with HAT and different clinical presentations. Twin A is a 16-year-old
boy who developed frequent episodes of urticaria when he started a
program of physical fitness training. Warm weather and exercise were
triggers for these episodes, which presented within 15 minutes of
physical activity and were well controlled with second-generation H1

antihistamine medications, resulting in resolution of itching and hives
within an hour. No other triggers were reported, and there were no
wheezing or other associated symptoms. Diagnostic testing, performed
after 10 months from the start of symptoms, included serum tryptase
level, which was 27.0 ng/mL (normal, <11.4 ng/mL). This finding
prompted a concern for systemic mastocytosis. In the absence of addi-
tional clinical or laboratory findings, a decision was made for genetic
testing to rule out HAT. Results revealed 4 copies of the TSAB1 gene,
and he was diagnosed as having HAT. He was instructed to take cetiri-
zine 10 mg daily. Urticaria continued to occur if he missed to take this
medication before exercise. Twin B was considered healthy, although
he complained of occasional episodes of unusual extreme fatigue only
after substantial physical activity, such as playing a soccer game. He
had needed additional sleep time and would have missed a school day
to rest, with full recovery. No other associated skin, respiratory, or gas-
trointestinal symptoms were reported. These episodes had started at
age 14 years, and he had stopped playing competitive soccer owing to
fatigue. Cardiology evaluation, including electrocardiogram and echo-
cardiogram, was reported without significant findings. Daily oral
sodium cromolyn but not H1 or H2 antihistamine medication was
effective to reduce the occurrence of fatigue. He had seasonal allergic
rhinitis, occasional frontal headaches, and history of frequent sinusitis
and sinus surgery. Rhinorrhea and nasal congestion occurred during
spring and fall seasons. His headaches were associated with nasal con-
gestion, localized to frontal and retro-orbital areas. These symptoms
improved with taking 10 mg levocetirizine daily, nasal fluticasone, and
nasal saline washes. Skin allergy prick testing was reactive for mold,
weed pollen, grass pollen, and tree pollen. His serum tryptase level
was 31.9 ng/mL, and, as expected, he also had 4 copies of the TSAB1
gene. Other than reportedly mild allergic rhinitis in childhood, the
twin siblings did not have other medical problems until adolescence.
They did not present with episodes of severe allergic reactions, ana-
phylaxis, gastrointestinal symptoms, or dysautonomia. The twins have
been followed for 3 years, and the tryptase levels have remained at
similar levels, ranging from 23 to 32 ng/mL. Additional investigations
for systemic mastocytosis have been agreed to be performed, condi-
tional to the development of new symptoms or changes in laboratory
test results that might suggest disease progression. This clinical deci-
sion followed the recommended approach by Robey et al,3 Giannetti
et al,5 and Carrigan et al,7 regarding the usefulness of the TSAB1 gene
copy number test for patients presenting with elevated serum tryptase
and low suspicion for systemic mastocytosis.

Extra copies of the TSAB1 gene determine an increase of baseline
serum tryptase levels and might be associated with severity but not
the occurrence of specific symptoms of allergic conditions or MC acti-
vation syndrome. The twins shared the elevated basal serum tryptase
and exercise as one of the triggers for symptoms; however, their clin-
ical manifestations were different. The mechanisms explaining the
role of the elevated tryptase in HAT are being investigated. Alpha
tryptase forms heterotetramers with beta tryptase to activate other
molecules and enzymes, such as the protease-activated receptor 2
(PAR2).8 This enzyme is present in several types of immune cells and
is involved in diverse biological functions, including coagulation,
cytokine release, and smooth muscle cell relaxation and vasodilation.

Based on the clinical presentation of the identical twins, we believe
that factors other than genetics, such as exposure to environmental
factors, allergic sensitization, hormonal changes, and other stressors,
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